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LETTER O F  TRANSMITTAL 

Office of Grants and Research 
National Aeronautics and Space Adrninirtration 
Waohington, D. C. 20546 

Attention: NASA Technical Reports Officer, Code SC 

Sub j e c t : 3rd Quarterly Progrese  Report 
Contract No. NSR 05-264-002 

Gentlemen: 

Earth Science Research Corporation (ESR) ie  pleaeed to submit i t s  3 r d  
quarter ly  progreee report  of a study of the shape and internal s t ructure  
of the Moon utilizing data from the Lunar Orbiter Program under N A S  
Contract No, NSR 05-264-002, 

It wae found that the J3,0 t e rm determined from study of the orbi t  
of Luna 10 has the eame s i g n  as the value which w e  w o u l d  have pic- 
dicted from the relationelup between the continent-maria distribution ana 
orientation of the principal moment6 of inertia 
derived which relate  the zonal harmonics of the g r a v i t y  fielti to oiiiiilar 
t e r m s  in a lunar continentality function and the parameters  of pausible . a ’  

mode18 of internal structure. . 
and tested which determines the higher o rde r  terme in a continsnhlity 
function for the Moon. 
Moon i e  continuing, 

~ si  Equdtions have been 
c 

.4 computer program ha6 been written 

A review of previous etudiee of the shape of the 

.. v c r y  truiy yvurm, 

EARTH SCIENCE RESEARCH CORPORA TION’ 
/ ,  6 a d d  L.’, I 

Donald L. Lamar 
Principal Inve s ti ga tor 



RELA TIONSHIP BETWE EN CONTINENT-MARIA 
MSTRIBUTION AND GRAVITY FIELD 

Rorultr: 

A d y r i r  by U r n  (1966) of the orbit of Luna 10 har producod 
tho hl lowiag valuer and maximum error# for olevan coefficitmtr of 
the oxprprion of tho lunar gravity fiold: 

= (-0.206 t 0.022) loo3 %o - 
cz 1 - 
d2 1 - 

( 0. 140 t 0.012) lom4 =22 - 
d Z L  - 
'30  - 
'3 1 - 
d3 1 - 
'32 - 
d32 - 

= ( 0.333 t 0.270) loo4 '40 - 

o 

I 

( 0,  157 + 0 . 0 5 9 )  x lo'' 
( 0. 361 t 0.358) x loo5 

(-0. 139 t 0. 145) x IOo5 
( -0 .  363 t 0.099) x loo4 
( -0.  968 t 0.026) x 10'' 
(-0, 178 + 0.032) x loo4 
( 0. 118 t 0.047) x loo4 
(-0.702 t 4. 595)  x loo6 

= 

I 

t 

= - 
The valuer of dzz and dZl are clore enough to tor0 to be con- 

airtent with the Mmn'8 rtablo O r i O A t 8 d O n  in apace and lack of notkable 
wobblo. 
rotatfon i r  coincident with a principal moment of inarti8. 
of e30 ir opporite 18 rfgn from tho vdue of 1 x loo4 roprtod by 
MichP.1, Toloon and Gapcynrltf (1966) from rtudy of the orbit of the 
firrt United stater mf.flit8 of t& Moon. According bo W i l l f u n  
Michael (furmnal commdcation, 1967) the inclination of the orbit 
of thir ratellit. w a r  too low to permit a satirfactory determination of 
the hbon'r gravity field. 

Tho cZ1 term rhould alro be clore to aero if tho d r  of 
The vduo 

Tho r ip  of c30 reportod by Akim ir the ram0 a# we would h8vo 

predicmd on tho bad8 of dearer material benoath the Maria to orpfdn 
tho rolrdoarhtp betwooa the dietribudon of contbentr and the Orie&adOA 

of the bcoon'r principal moment. of inertia and tho abronco of Maria 



on the Moon'r far ride (Earth Science Rarearch Corp., 1967). 
ir, Akim'r value of c30 ir conrimtent w i t h  our earlier ruggortion 

(Lamar urd McGann, 1966) that tho matorial bemath the maria ir 

denrer than that lying benoath the continents 

That 

In order to erdmate rimple mar8 dirtributionr to produce tlu 
valuer of the higher order tormr in the gravity field it  ir necerrrry 
to derive oquationr an8logour to thore prorented in an earltor paper 
for the recond order k r m r  (Lunar and Mcrdbn, 1966). From Earth 
Scionco Rerearch Corp. (1966) the effect on the gravity field of a rur- 
face donrity (an) O n  8 8phOte Of rldtU8 r i 8  

4v 4pr &t2 
J, 1 - 

(2a+1) MRn 

a, 0' whore R f a  the Moonlr radiur and M is the Adoon'r marr; Jn I -c 
In integral form: 

0 where p i a  taa r ~ e ~ ~ g .  dcnr?Q of *&c XE==, zn is z t~d m~:,m_ in a 
a lunar contlaclntality function, R i o  the radfur of the M o a ,  A p ( r )  
io  the denrity contrart bebveen continontr and maria, and H i r  the 
8ver8ge difference in elevation botween contlaenk 8ad mrrir. 

For the risid tumpy model w e  arrume a linoar decreare in the 

denrity coatramt w i t h  depth, or 4 (r) = Ap (R)(r/R) where Ap (R) i s  
the donriv contraet tat the 8 U t f a C O ;  thur by inWgr8doa: 

we airtune that the denrity of material near the 

to the average denrity of tho M o o a  

b+ 4) 

Burface i r  equal 

2 



For tho extrams caie  of a rigid, lumpy model wo areumo that 

tb -ria 8ro directly undarldn by 8 &ye~of  nlckol-iron. 
tbicherr  (d) of tho h y e i  i r  found to be 

The 

whero pi tr the dondty of nickel iroa 

b tho c8ra where topogrrphic irtO@8ridO8 aro arrurnod to be 
coznpmnratod by variationr in tho thicknore of a floating crur t  we 

aao\llmo sora thicknora for the crurt beneath the maria, cornpenration 
at a dmpth D beneath the continantr and a donrity contrart betweon 
conthontr and maria which decrearor Ifnoarily w i t h  dopth; by into- 
gratioa r 

whore pc i r  the donmity of crurtal material and pm, i r  the deneity 

of matorial diractly boruath tho maria. Wo arrumo a codtion of 
aoro rtrarr at the Moodo ceatar; from Lamar urd McCann (1966) 

3 



Note that for the a2 0 term and the relatione: 

2C - ( A t  B)  
# 

B - A  
Y =  'C, 2 L Cy 7 M R  

where C ,  B ,  and A are the principal moments of inertia of the Moon, 
the above equation8 reduce to those presented in Lamar and McGann 

(1966). 
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Work in  Progress :  

A computer program has been written which w i l l  determine the 

t e r m s  for all values of n and m in a l u n a r  continentality function 

with the Moon divided into L O o  squares. 

modified to reduce the core storage required so that smaller  squares  

can be used. 

program so that w e  can relate the t e rms  in the gravity field to density 

variations within the Moon for a number of plaueible moclels of internal 

etructure.  

The program is being 

The above equations w i l l  also be incorporated into the 
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